Cardiac conduction and arrhythmia: insights from Nkx2.5 mutations in mouse and humans.
The phenotypes of cardiac conduction and rhythm disorders are very well characterized because of the large numbers of affected patients who seek medical treatment. The few disorders where the genetic basis is known has led to a commonly held notion that the abnormal function of ion pumps, channels and connexins (ICC) causes conduction defects and arrhythmias. Although probably true in general, the ICC-centric model underemphasizes alternative mechanisms involving the organization of cells or mechanisms of gene expression. NKX2.5 was one of the first cardiac transcription factors identified that when mutated causes congenital heart disease and conduction defects in human. We present two hypotheses for the pathogenesis of conduction defects and arrhythmias as caused by transcription factor haploinsufficiency that are alternatives to a strictly ICC-centric model. First, conduction defects may arise from anatomic underdevelopment of the conduction system in utero. Second, the cardiac arrhythmias associated with Nkx2.5 mutation may result from the non-uniform alteration in a population of cardiac myocytes of the levels of channel proteins, leading to increased electrical heterogeneity. We propose that consideration of the two alternative hypotheses, in addition to the traditional ICC-centric model, should lead to a richer understanding of cardiac conduction defects and arrhythmogenesis.